Abstract: Worldwide amphibian declines highlights the need for monitoring programs that species presence and track population trends. We sampled larval amphibians with a box trap at 3-week intervals for 23 months in 8 wetlands, and concurrently trapped adults and juveniles with drift fences, to examine spatio-temporal patterns of tadpole occurrence; explore relationships between breeding effort, tadpole abundance, and recruitment, and; compare the efficacy of both methods in detecting species presence and reproductive outcome. Intermittent detection of species within and among wetlands suggested high mortality, followed by deposition of new eggs and tadpole cohorts. Breeding effort, tadpole abundance, and juvenile recruitment were generally not correlated. The reasons for this may include differential bias in detecting species or life stages between methods and high incidence of egg or tadpole mortality. Drift fences detected more species than box traps, but each provided insights regarding amphibian presence and recruitment. Our results illustrate shortfalls in the ability of infrequent aquatic sampling to detect local species richness of larval amphibians, as occurrence of many species is spatially and temporally variable. We also show the importance of using different sampling methods to detect species' presence, and difficulties associated with both methods in tracking breeding effort, tadpole occurrence, or reproductive outcome. 
Introduction
Many amphibian species breed solely or opportunistically in ephemeral wetlands because they are generally fish-free, with low relative densities of predatory aquatic macroinvertebrates than in more permanent water bodies (Pearman 1995; Skelly 1997) . Nonetheless, reproductive success is uncertain in ephemeral habitats, partially owing to variable duration, frequency, timing, and depth of water; wetland drying before metamorphosis results in larval mortality (Greenberg et al. 2015) . However, the timing of wetland drying affects species differently due to differences in breeding seasons and rates of larval developmental. Variable hydroregime characteristics within and among wetlands make it unlikely that suitable conditions for successful breeding and recruitment for all species will be consistently available (Snodgrass et al. 2000) . Wetland hydrology is strongly affected by the amount and timing of precipitation, making them -and the amphibian populations they support -especially sensitive to altered weather patterns resulting from climate change (Greenberg et al. 2014 (Greenberg et al. , 2015 .
Concern over amphibian population decline, and vulnerability to climate change, disease, and other environmental threats highlights the need for effective biological monitoring programs (Collins and Storfer 2003) . Both long-term terrestrial sampling of amphibians near wetlands, and aquatic sampling of larvae indicate high inter-annual variability in detection, breeding effort, and recruitment (Semlitsch et al. 1996; Trenham et al. 2003; Werner et al. 2007a,b) . Terrestrial and aquatic sampling methods are complementary; terrestrial sampling does not explain dynamics of larval abundance or mortality, and aquatic sampling may not reflect breeding effort if egg or tadpole mortality rates are high. Neither method detects all species, and each elucidates only a component of reproduction dynamics. Yet, we are unaware of any study using both D r a f t terrestrial and aquatic sampling methods to examine temporal and spatial dynamics of amphibian breeding through recruitment and, ultimately, long-term population health.
Effective amphibian population monitoring programs must incorporate a combination of methods with sampling frequency, timing, and spatial scale that, together, optimize the likelihood of detecting target species, while minimizing errors in demographic inference (Miller et al. 2011) . For example, a species may be temporarily absent or undetected from any given wetland, year, or sampling period due to unsuitable weather or wetland conditions, narrow breeding seasons, rapid larval development rates that affect duration of larval presence, or infrequent or unpredictable breeding behavior (Skelly et al. 2003) . Underwater dynamics of competition and predation that vary spatially and temporally can also influence larval presence and reproductive outcome (Wilbur 1982; Morin 1983) . Thus, an effective sampling regime requires a basic understanding of the suite of species expected, their life history traits, wetland conditions required for breeding, and a combination of methods that together can detect each species as adults, larvae, and ideally juvenile recruits.
We compared an aquatic and a terrestrial sampling method to fill a critical knowledge gap in how sampling different life stages, and using different sampling methods, provide complementary information and insight into amphibian presence and reproductive success. We used a box trap to sample larval amphibians at approximately 3-week intervals for 23 months in 8 isolated ephemeral wetlands, and concurrently trapped amphibians using drift fences to: (1) examine spatio-temporal patterns of tadpole occurrence, and developmental stage as metrics of breeding and phenology; (2) explore relationships between breeding effort, tadpole abundance, and recruitment, and; (3) compare the relative efficacy of drift fences to box trap sampling in detecting amphibian species presence (richness) and tracking reproductive outcome.
Materials and methods

Study area
Our study area consisted of 8 small (0.1-0.37 ha), isolated wetlands in longleaf pinewiregrass sandhills located in the Ocala National Forest in north-central peninsular Florida. The study wetlands were selected in 1994 as part of an ongoing long-term drift fence study of amphibians using ephemeral wetlands, and can be considered a representative selection of small, ephemeral, groundwater-driven sinkhole wetlands that are common within xeric uplands of the Floridan Aquifer System region. Excessively drained Entisols are underlain by Ocala limestone (Aydelott et al. 1975 . Larvae were released after processing.
Drift fence sampling for adults and juveniles
Drift fences, spaced 7.6 m apart and 7.6 m in length, encircled 50% of each wetland perimeter, as part of the longer-term study. Pitfall traps (19-l buckets) were positioned inside and outside of each fence at both ends, with a funnel trap at fence midpoint on both sides allowing us to ascertain whether amphibians were immigrating to, or emigrating from wetlands.
A PVC pipe was placed was between fences to attract treefrogs. Drift fence traps were open continuously and checked approximately 3 times weekly throughout the study period.
Amphibians toe-clipped by wetland number and year, categorized as adult or juvenile based on a specified SVL cutoff for each species (Table 1) , and released. Because all wetlands were sampled in proportion to size we did not further adjust for trap nights.
Data analyses
For each visit, we averaged the number of amphibian larvae per 0. We examined relationships between adult breeding effort (defined as all first-captured adults), tadpole abundance, and juvenile recruitment (defined as all first-captured juveniles emigrating from ponds) within defined breeding cycles for each species (Table 1) . We used longer-term drift fence data for adults captured before, and recruits captured after our larval sampling study period to increase sample size of complete breeding cycles for some species and wetlands. We performed Spearman's correlations to test the relationships between (a) breeding effort and maximum tadpole abundance, and; (b) maximum tadpole abundance and total recruits.
Each wetland and breeding cycle was considered an independent observation. Wetlands were included if any adults, tadpoles, or recruits were captured; incomplete breeding cycles were omitted. Correlations were not performed on L. catesbeianus and L. grylio due to inadequate sample size.
We used a paired t-test to compare amphibian richness sampled by box traps and drift fences over the same period. We included Striped Newts (Notophthalmus perstriatus (Bishop, 1941) ), in estimates of species richness, but focused only on anurans for other analyses.
Results
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Wetlands 3, 7, and 8 were dry for most of the study period ( Fig. 1 We sampled a total of 3,306 larval amphibians including 12 anuran species, and both larval and paedomorphic N. perstriatus (Table 2 ; Fig. 2 ). Because larvae were unmarked, we were unable to determine if individuals were sampled more than once during the study period.
Species richness of larval amphibians on any given date, across all wetlands, ranged from 2-10 ( Fig. 2 ). Within wetlands, total richness over the entire study period ranged from 2-11, and generally corresponded with the number of visits a wetland held water (Table 2 ; Fig. 3 ).
Pinewoods Treefrog (Hyla femoralis (Bosc, 1800)) tadpoles were the most abundant (27.3%), followed by Florida Gopher Frog (Lithobates (Rana) capito (LeConte, 1855)) (18.6%), Spadefoot Toad (S. holbrookii (Harlan, 1836)) (16.1%), and Southern Leopard Frog (L. (Rana) sphenocephalus (Cope, 1886)) (15.6%) ( Table 2) . Each wetland was sampled (hence, held water) 2-21 times during the 23-month study period (Table 2) .
Most larval amphibian species were detected in only a subset of wetlands over the study Fig. 3 ). On any given date, a species detected in > 1 wetland (e.g., potentially present) was rarely detected in all available (holding water) wetlands (Table 3 ; Fig. 3 ). Frequently, species were not detected within available wetlands where they were detected the visit prior, or vice versa (Fig. 3 ). Most tadpole species were detected intermittently, with apparent disappearances and subsequent reappearance commonly occurring within wetlands and breeding cycles (Fig. 3 ).
The seasonal timing of tadpole occurrence also differed among some species. Acris gryllus tadpoles were detected in all seasons except winter (mid-November -April). Hyla gratiosa and P. ocularis tadpoles were detected in fall and spring, and H. femoralis tadpoles only in fall -early winter ( weeks (Ashton and Ashton 1988) were detected for 1-3 consecutive visits within individual wetlands (Fig. 3) , and tadpoles in classes 2 or 3 were found within days to weeks of ponds D r a f t 11 refilling (Fig. 4) . In contrast, Lithobates spp. tadpoles, which require > 3 months to > a year to complete development (Ashton and Ashton 1988) , were detected on one-to several (L. capito 8, L. sphenocephalus 7, L. grylio 11, L. catesbeianus 3) consecutive visits within individual wetlands (Fig. 3) , and class 2 Lithobates tadpoles were first found months after first-detections; no class 3 tadpoles were found during the study period (Fig. 4) for the other 8 species tested (p > 0.17) (Fig. 6) . Maximum H. femoralis tadpole abundance was positively correlated with total recruits (p = 0.02; r s = 0.56), but we found no relationship for the other 8 species tested (p > 0.19) (Fig. 7) .
Total amphibian species richness detected by drift fences averaged (+ SE) 4.9 + 0.8 higher (t = 6.18; p < 0.01) than richness detected by box trap sampling.
Discussion
Our study demonstrates the importance of using both aquatic and terrestrial sampling methods concurrently to more accurately detect amphibian presence and gauge reproductive success. We found that the occurrence, or detectability, of amphibian larvae is highly variable among and within wetlands. Further, the detection of adults or larvae with just aquatic or terrestrial sampling is not a reliable indicator of reproductive success. Use of integrated sampling protocols to accurately detect amphibian presence and population trends is especially important in light of potentially altered weather patterns, wetland hydrology, and amphibian reproductive phenology or outcome associated with climate change (Greenberg et al. 2014 (Greenberg et al. , 2015 .
Hydroregime was an obvious and important influence on anuran reproductive outcome, but not the sole determining factor. Dry wetlands during both summers prohibited successful breeding and recruitment by exclusively summer-breeding A. quercicus (Dodd 1994; Greenberg and Tanner 2005a) and G. carolinensis (Dodd 1995) , and reduced opportunity for other species.
Additionally, wetlands dried just prior to potential completion of L. capito and L. (1996) reported that high amphibian recruitment occurred in only 1-7 of 16 years, depending on the species, in South Carolina. Dodd (1994) Although our study did not elucidate mechanisms for reproductive failure, likely causes were predation or competition within wetlands. Due to frequent drying and isolation from larger water bodies, our study wetlands lacked fish and most predatory aquatic salamander species, H. femoralis tadpole abundance and juvenile recruitment was likely influenced by increased capture probability of new recruits using PVC pipes as refugium for protracted periods. Our results indicate that non-detection of a given tadpole species does not necessarily indicate that adults were absent, or did not breed, within a given year or wetland, and highlights the complementary information yielded by using both aquatic and terrestrial sampling methods. Other studies also indicate that amphibian species detections in wetlands are maximized when multiple sampling methods are used at suitable frequencies in relation to interspecific differences in temporal calling patterns, breeding periods, and larval presence (Dodd 2009 Additionally, differences in species' distribution among DZs could potentially reduce interspecific competition through resource partitioning (e.g., Whiting 2010). Several studies indicate that reduced competition (Wilbur 1982; Morin 1983 ) and higher water temperatures increase survival, growth, and developmental rate of tadpoles (e.g., Blaustein et al. 2010 ). In addition, most species were sampled in wetlands < 20 cm depth, illustrating that ephemeral, shallow wetlands can nonetheless provide reproductive opportunity for many amphibian species.
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Our results illustrate shortfalls in the ability of infrequent aquatic sampling to detect local species richness of larval amphibians, as the occurrence of many species is spatially and temporally variable. Additionally, we show the importance of using different sampling methods to detect species' presence, and difficulties associated with both methods in tracking breeding effort, tadpole occurrence, or reproductive outcome. 
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